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Abstract 
7KH DEQRUPDOLWLHV RI WKH NLGQH\ FDQ EH LGHQWLILHG E\ XOWUDVRXQG LPDJLQJ 7KH NLGQH\PD\ KDYH VWUXFWXUDO DEQRUPDOLWLHV OLNH
NLGQH\VZHOOLQJFKDQJHLQLWVSRVLWLRQDQGDSSHDUDQFH.LGQH\DEQRUPDOLW\PD\DOVRDULVHGXHWRWKHIRUPDWLRQRIVWRQHVF\VWV
FDQFHURXVFHOOVFRQJHQLWDODQRPDOLHVEORFNDJHRIXULQHHWF)RUVXUJLFDORSHUDWLRQVLWLVYHU\LPSRUWDQWWRLGHQWLI\WKHH[DFWDQG
DFFXUDWH ORFDWLRQRIVWRQH LQ WKHNLGQH\7KHXOWUDVRXQGLPDJHVDUHRI ORZFRQWUDVWDQGFRQWDLQVSHFNOHQRLVH7KLVPDNHV WKH
GHWHFWLRQ RI NLGQH\ DEQRUPDOLWLHV UDWKHU FKDOOHQJLQJ WDVN 7KXV SUHSURFHVVLQJ RI XOWUDVRXQG LPDJHV LV FDUULHG RXW WR UHPRYH
VSHFNOH QRLVH ,Q SUHSURFHVVLQJ ILUVW LPDJH UHVWRUDWLRQ LV GRQH WR UHGXFH VSHFNOH QRLVH WKHQ LW LV DSSOLHG WR *DERU ILOWHU IRU
VPRRWKHQLQJ1H[W WKHUHVXOWDQW LPDJH LVHQKDQFHGXVLQJKLVWRJUDPHTXDOL]DWLRQ/HYHOVHWVHJPHQWDWLRQ LVDSSOLHG WZRWLPHV
ILUVWWRVHJPHQWNLGQH\SRUWLRQDQGLWVRXWSXWLVWKHLQSXWWRVHFRQGWRVHJPHQWVWRQHSRUWLRQVLQFHLW\LHOGVEHWWHUUHVXOWV,QOHYHO
VHWVHJPHQWDWLRQWZRWHUPVDUHXVHGLQRXUZRUN)LUVWLVXVLQJDPRPHQWXPWHUPDQGVHFRQGLVEDVHGRQUHVLOLHQWSURSDJDWLRQ
5SURS([WUDFWHGUHJLRQRIWKHNLGQH\VWRQHDIWHUVHJPHQWDWLRQLVDSSOLHGWR6\POHWV%LRUWKRJRQDOELRELR	ELRDQG
'DXEHFKLHVOLIWLQJVFKHPHZDYHOHWVXEEDQGVWRH[WUDFWHQHUJ\OHYHOV7KHVHHQHUJ\OHYHOJLYHVDQLQGLFDWLRQDERXWSUHVHQFHRI
VWRQHZKLFKVLJQLILFDQWO\YDU\IURPWKDWRIQRUPDOHQHUJ\OHYHO7KHVHHQHUJ\OHYHOVDUHWUDLQHGE\0XOWLOD\HU3HUFHSWURQ0/3
DQG%DFN3URSDJDWLRQ%3$11WRLGHQWLI\WKHW\SHRIVWRQHZLWKDQDFFXUDF\RIDQGUHDOWLPHLPSOHPHQWDWLRQLVGRQH
XVLQJ9HULORJRQ9HUWH[3UR)3*$
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.H\ZRUGV.LGQH\6WRQHGDWDEDVH/HYHO6HW6HJPHQWDWLRQ0XOWLOD\HU3HUFHSWURQ0/3DQG%DFN3URSDJDWLRQ%3/LIWLQJ6FKHPH:DYHOHW
WUDQVIRUP8OWUDVRXQGLPDJLQJ9HULORJDQG)3*$
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
1. Introduction 
.LGQH\ VWRQHGLVHDVH LVRQHRI WKH ULVNV IRU WKH OLIH LQ WKURXJKRXW WKHZRUOG DQGPDMRULW\SHRSOHZLWK VWRQH
IRUPDWLRQ LQ NLGQH\ LQLWLDOO\ GR QRW QRWLFH LW DV GLVHDVH DQG LW GDPDJHV WKH OLPE RUJDQ VORZO\ 6LQFH NLGQH\
PDOIXQFWLRQLQJ FDQ EH OLIH WKUHDWHQLQJ GLDJQRVLV RI GLVHDVHV LQ WKH HDUOLHU VWDJHV LV FUXFLDO &XUUHQWO\ DYDLODEOH
RSWLRQVLQFOXGH8OWUDVRXQG86LPDJHZKLFKLVRQHRIWKHQRQLQYDVLYHORZFRVWZLGHO\XVHGLPDJLQJWHFKQLTXHV
IRU GLDJQRVLQJ NLGQH\ GLVHDVHV >@ 7KH 5REHUWVRQ 5LVN )DFWRU $OJRULWKPV 55)$ DUH RSHQ DQG DUH XVHG IRU
ODSDURVFRSLFVXUJHU\WKHVHDOJRULWKPVDUHUHVHUYHGIRUXQFRPPRQ>@6SHFLDOFDVHV+\DOXURQDQLVDODUJH!
'DOLQHDUJO\FRVDPLQRJO\FDQFRPSRVHGRIUHSHDWLQJXQLWVRIJOXFXURQLFDFLG*OF8$DQG1DFHW\OJOXFRVDPLQH
*OF1$FGLVDFFKDULGHV>@7DQ]LOD5DKPDQ0RKDPPDG6KRULI8GGLQSURSRVHGUHGXFWLRQRIVSHFNOHQRLVHDQG
VHJPHQWDWLRQIURP86LPDJHLVGLVFXVVHG,WQRWRQO\GHWHFWNLGQH\UHJLRQEXWDOVRHQKDQFHLPDJHTXDOLW\>@7KH
ZDQ0DKDQL+DIL]DK SURSRVHG NLGQH\86 LPDJHVZHUH GLYLGHG LQWR IRXU GLVVLPLODU FDWHJRULHV QRUPDO EDFWHULDO
LQIHFWLRQDQGF\VWLFGLVHDVHNLGQH\VWRQHVEDVHGRQJUD\OHYHOFRRFFXUUHQFHPDWUL[*/&0>@*ODGLV3XVKSD
KDGSURSRVHG+LHUDUFKLFDO6HOI2UJDQL]LQJ0DS+620IRUEUDLQWXPRXUVXVLQJVHJPHQWDWLRQZDYHOHWVSDFNHWV
DQGWKHUHVXOWVZHUHFRUUHFWXSWRPD[LPXP>@1RULKLUR.RL]XPLSURSRVHGKLJKLQWHQVLW\IRFXVHGXOWUDVRXQG
+,)8 WHFKQLTXH XVHG IRU GHVWUR\LQJ WXPRXUV DQG VWRQHV > @ .9LVZDQDWK DQG 5 *XQDVXQGDUL SURSRVHG
FRQWHQWGHVFULSWLYHRIPXOWLSOHVWRQHGHWHFWLRQXVLQJOHYHOVHWVHJPHQWDWLRQZDYHOHWVSURFHVVLQJIRULGHQWLILFDWLRQRI
NLGQH\ VWRQH DQG DUWLILFLDO QHXUDO QHWZRUN $11 IRU FODVVLILFDWLRQ DQG WKH UHVXOWV LQGLFDWH WKDW WKH PD[LPXP
DFFXUDF\RIRQO\>@7KH0/3%3$11LVIRXQGDVEHWWHUSHUIRUPDQFHLQWHUPVRIDFFXUDF\KDYLQJ
VSHHG LVVHFDQGYHU\VHQVLWLYLW\ >@7KH1RQLQYDVLYHFRPELQDWLRQRIUHQDOXVLQJSXOVHGFDYLWDWLRQ86
WKHUDS\SURSRVHGVKRFNZDYHOLWKRWULSV\(6:/KDVEHFRPHDVWDQGDUGIRUWKHWUHDWPHQWRIFDOFXOLORFDWHGLQWKH
NLGQH\DQGXUHWHU>@357DPLOVHOYLSURSRVHGVHHGHGUHJLRQJURZLQJEDVHGRQVHJPHQWDWLRQDQGFODVVLILFDWLRQRI
NLGQH\LPDJHVZLWKVWRQHVL]HVXVLQJFRPSXWHUDLGHGGLDJQRVLVV\VWHP>@0RKDPPDG($ERX(,*KDUSURMHFWHG
ORFDWLRQRIXULQDU\VWRQHVZLWKXQHQKDQFHGFRPSXWHG WRPRJUDSK\&7XVLQJKDOIUDGLDWLRQORZGRVHFRPSDUHG
ZLWK WKH VWDQGDUGGRVHDQGRI WKHSDWLHQWVSDWLHQWVKDGD VLQJOH VWRQHZKLOH WKH UHVWRI WKHPKDGPXOWLSOH
VWRQHV>@ ,Q RUGHU WR VROYH WKH ORFDO PLQLPD DQG VHJPHQWDWLRQ SUREOHP WKH WKRUG $QGHUVVRQ *XQQDU /DWKHQ
SURSRVHGPRGLILHGJUDGLHQWVHDUFKDQGOHYHOVHWVHJPHQWDWLRQ>@)RU'GHWHFWLRQRINLGQH\VDQGWKHLUSDWKRORJ\
LQ UHDO WLPH WKH (PPDQRXLO 6NRXQDNLV SURSRVHG WHPSODWHV EDVHG WHFKQLTXH ZLWK DFFXUDF\ RI  DQG
DEQRUPDOLWLHV LQNLGQH\VDWDQDFFXUDF\RI>@)RUVKDUSHQLQJDQGVPRRWKHQLQJRI' LPDJH WKH*DERU
IXQFWLRQLVXVHGWRDFKLHYHRSWLPDOERWKLQWLPHDQGIUHTXHQF\UHVROXWLRQ>@;LQMLDQ&KHQSURSRVHGILQLWHHOHPHQW
PHWKRGEDVHG'WXPRUJURZWKSUHGLFWLRQXVLQJORQJLWXGLQDONLGQH\WXPRULPDJHV>@)RUFDOFXODWLRQDQGGHSWK
RIVKRFNZDYHVFDWWHULQJE\NLGQH\VWRQH LQZDWHU WKH1HLO52ZHQSURSRVHGSUHVVXUH ILQGLQJ LQIOXLGE\XVLQJ
OLQHDUHODVWLFWKHRU\>@'LUN-.RNSURSRVHGWKDW3UHYDOHQFHRIVWRQHIRUPDWLRQGXHWRXULQDU\(SLGHPLRORJLFDO
LVEDVHGRQS+YDOXHV>@'LQHVK6'DWDUSURSRVHGWKHVHJPHQWDWLRQRIUHTXLUHGSRUWLRQLVGRQHE\LQLWLDOVHHG
VHOHFWLRQJURZLQJDQGUHJLRQPHUJLQJZKLFKWRQRWXVHRIDQ\HGJHGHWHFWLRQ>@0XOWLOD\HU3HUFHSWURQDQGEDFN
SURSDJDWLRQLPSOHPHQWDWLRQRQ)3*$DQG$6,&GHVLJQLVFDUULHGRXWE\&\ULO3UDVDQQD5DM3>@
7KLVUHVHDUFKSDSHUSURFHHGVDVIROORZV,QVHFWLRQ,,SUREOHPVWDWHPHQWGHILQHGVHFWLRQ,,,GHVFULEHVSURSRVHG
PHWKRGLQVHFWLRQ,9LPDJHVHJPHQWDWLRQWRORFDWHWKHNLGQH\VWRQHLQVHFWLRQ9FDOFXODWLRQRIHQHUJ\RSWLPL]DWLRQ
IRUVHJPHQWDWLRQLQVHFWLRQ9,ZDYHOHWVEDVHGHQHUJ\H[WUDFWLRQVHFWLRQ9,,GHVFULEHVWKHDUWLILFLDOQHXUDOQHWZRUNV
FODVVLILHUVXVHGLQVHFWLRQ9,,,H[SHULPHQWVUHVXOWVDUHGLVFXVVLRQDQGLQWKHODVWVHFWLRQZHFRQFOXGHWKHSDSHUZLWK
IXWXUHZRUN
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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2. Problem Statement 
7KHNLGQH\PDOIXQFWLRQLQJFDQEHOLIHWKUHDWHQLQJWKXVGHWHFWLRQRINLGQH\VWRQHLQWKHHDUOLHUVWDJHVLVFUXFLDO
,Q RUGHU WR FDUU\ RXW VXUJLFDO RSHUDWLRQ WR UHPRYH NLGQH\ VWRQH LW LV LPSRUWDQW WR ORFDWH WKH NLGQH\ VWRQH 7KH
XOWUDVRXQG LPDJHV RI NLGQH\ FRQWDLQ VSHFNOH QRLVH DQG DUH RI ORZ FRQWUDVWZKLFKPDNHV WKH GHWHFWLRQRI NLGQH\
DEQRUPDOLWLHV LV D FKDOOHQJLQJ WDVN $VD UHVXOW WKHGRFWRUVPD\KDYHSUREOHP LV WR LGHQWLI\LQJ WKH VPDOONLGQH\
VWRQHVDQG WKHLU W\SHSURSHUO\7RDGGUHVV WKLV LVVXHDPRGLILHGOHYHOVHWVHJPHQWDWLRQ WR LGHQWLI\ ORFDWLRQRI WKH
VWRQHOLIWLQJVFKHPH:DYHOHWVVXEEDQGVWRH[WUDFWWKHHQHUJ\OHYHOVRIWKHVWRQHDQG0/3%3$11DOJRULWKPVIRU
FODVVLILFDWLRQLVSURSRVHGDQGDQDO\]HG>@
3. Methodology     Counter (2^14) - 14 bit
      









)LJ3URSRVHG%ORFNGLDJUDPIRUNLGQH\VWRQHGHWHFWLRQ

)LJVKRZVWKHRYHUDOOEORFNGLDJUDPRISURSRVHGPHWKRG,WFRQVLVWVRIWKHIROORZLQJEORFNV.LGQH\,PDJH
'DWDEDVH,PDJH3UHSURFHVVLQJ,PDJH6HJPHQWDWLRQ:DYHOHWSURFHVVLQJDQG$11&ODVVLILFDWLRQ

 .LGQH\,PDJH'DWDEDVH
7KH  86 NLGQH\ LPDJHV RI ERWK QRUPDO DQG DEQRUPDO NLGQH\ DUH FROOHFWHG IURP GLIIHUHQW KRVSLWDOV RI
GLIIHUHQWSDWLHQWVDQGDUHVWRUHG LQGDWDEDVH2QHRI WKH LPDJHV LV WDNHQIURPWKHGDWDEDVHDQGVXEMHFWHG WRVWRQH
GHWHFWLRQ

 ,PDJH3UH3URFHVVLQJ
7KHDFTXLUHGXOWUDVRXQG 86 LPDJHFRQVLVWVRI VSHFNOHQRLVHDQG LVRI ORZFRQWUDVW'XH WR WKLV WKH LPDJH
TXDOLW\PD\QRWEHJRRGIRUDQDO\]LQJ)RUVXUJLFDORSHUDWLRQVLWLVYHU\LPSRUWDQWWRLGHQWLI\WKHORFDWLRQRINLGQH\
VWRQH 7RRYHUFRPHVSHFNOHQRLVHDQGORZFRQWUDVWSUHSURFHVVLQJRI86LPDJHQHHGVWREHGRQH)LJVKRZVSUH-
SURFHVVLQJRI86LPDJHZKLFKFRQVLVWVRIWKHIROORZLQJVWHSV
 ,PDJHUHVWRUDWLRQ
 6PRRWKLQJDQGVKDUSHQLQJ
 &RQWUDVWHQKDQFHPHQW






)LJ3UHSURFHVVLQJRINLGQH\LPDJH
3UH3URFHVVHG,PDJH
6PRRWKHQLQJ	6KDUSHQLQJE\
*DERUILOWHU
&RQWUDVW(QKDQFHPHQW
,PDJH5HVWRUDWLRQ
86.LGQH\LPDJH
0RQLWRUWRYLHZ.LGQH\,PDJH
ZLWKVWRQHSRUWLRQ 'RFWRU FDQ YLHZVWRQHVL]HZLWKVRPH
FRORU IRU WUHDWPHQW
6WRQHSRUWLRQDORQH
.LGQH\
'DWDEDVHRI
LPDJHV
,PDJH3UH
3URFHVVLQJ
5'/HYHO6HW
6HJPHQWDWLRQIRU
NLGQH\3RUWLRQ
.LGQH\6WRQHSRUWLRQ
6HJPHQWHGE\5'
/HYHOVHWPHWKRG
([WUDFWLRQRIHQHUJ\
9DOXHVE\XVLQJ/LIWLQJ
6FKHPH':7
0/3%3
$11

.LGQH\SRUWLRQ
DORQH
(QHUJ\YDOXHV
'LVSOD\VZKHWKHU
WKHNLGQH\LVQRUPDO
RUDEQRUPDO
5HDG,PDJH7H[WIURP5XQ
FRPPDQGDQGVWRUHLQ,3
&RUH5$0
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,PDJH5HVWRUDWLRQ
7KHYHU\SXUSRVHRI LPDJHUHVWRUDWLRQ LV WRUHGXFH WKHGHJUDGDWLRQV WKDWDUHFDXVHGGXULQJDFTXLVLWLRQRI86
VFDQQLQJ ,Q WKLVV\VWHPIRUSURSHURULHQWDWLRQ OHYHOVHW IXQFWLRQ LVXVHG%\WKHXVHRISODQFXUYHPRWLRQFXUYH
VPRRWKHUVVKULQNVDUHHYHQWXDOO\GLVDSSHDUHG>@ 7KXV0HUULPDQDQG6HWKLDQSURSRVHGHYROXWLRQEHWZHHQPD[N
DQGPLQN
  ǦǦǦǦǦǦǦǦǦǦǦǦǦǦሺͳሻ
:KHUHD[\$YHUDJHLQWHQVLW\VPDOOQHLJKERUKRRG
*[\PHGLDQLQWKHVDPHQHLJKERUKRRG

6PRRWKLQJDQG6KDUSHQLQJ
7RREWDLQRSWLPDOUHVROXWLRQLQERWKVSDWLDODQGIUHTXHQF\GRPDLQV*DERUILOWHULVXVHGZKLFKDFWDVEDQGSDVV
ILOWHUIRUWKHORFDOVSDWLDOIUHTXHQF\GLVWULEXWLRQ>@,PDJHVPRRWKLQJDQGUHPRYDORIQRLVHLVGRQHE\FRQYROXWLRQ
RSHUDWRU7KHVWDQGDUGGHYLDWLRQRIWKH*DXVVLDQIXQFWLRQFDQEHYDULHGWRDGMXVWWKHGHJUHHRIVPRRWKHQLQJ

&RQWUDVW(QKDQFHPHQW
7RLPSURYHFRQWUDVWDQGWRREWDLQXQLIRUPLQWHQVLW\KLVWRJUDPHTXDOL]DWLRQLVXVHG7KLVDSSURDFKFDQEHXVHG
RQZKROHLPDJHRUSDUWRIDQLPDJH,QWKLVV\VWHPHQKDQFLQJWKHFRQWUDVWRIWKHLPDJHVLVGRQHE\WUDQVIRUPLQJWKH
YDOXHV LQ DQ LQWHQVLW\ LPDJH VXFK WKDW WKH KLVWRJUDP RI WKH RXWSXW LPDJH DSSUR[LPDWHO\ PDWFKHV D VSHFLILHG
KLVWRJUDP7KHRXWSXWVLJQDOLVRIVDPHGDWDW\SHDVWKHLQSXWVLJQDO

Image Segmentation
)LJVKRZVWKHOHYHOVHWVHJPHQWDWLRQPHWKRGXVHGILUVWWRVHJPHQWWKHORFDWLRQRINLGQH\IURP86VFDQQHG
LPDJHDQGWKHVHJPHQWHGNLGQH\SRUWLRQRXWSXW LVDSSOLHGDJDLQIRU OHYHOVHWVHJPHQWDWLRQ WRVHJPHQWRQO\VWRQH
SRUWLRQVRWKDWSURFHVVLQJWLPHZLOOEHUHGXFHGDQGLPDJHVWRUDJHPHPRU\XWLOL]DWLRQLVDOVRUHGXFHV3URSRVHGZRUN
FRQVLVWVRIWZRPRGLILHGJUDGLHQWGHVFHQWPHWKRGV)LUVWLVXVLQJDPRPHQWXPWHUPDQGVHFRQGLVEDVHGRQUHVLOLHQW
SURSDJDWLRQ5SURSWHUP7KHLQWHQWLRQRIWKHVHJPHQWDWLRQLVWRRYHUFRPHGLIILFXOWLHVLQYROYHGLQHQHUJ\IXQFWLRQ
7KHHQHUJ\IXQFWLRQGHSHQGVRQSURSHUWLHVRIWKHLPDJHVXFKDVJUDGLHQWVFXUYDWXUHVLQWHQVLWLHVDQGUHJXODUL]DWLRQ
WHUPV HJ VPRRWKLQJ FRQVWUDLQWV 7KHVH DUH VLPSOH EXW HIIHFWLYHPRGLILFDWLRQV RI WKH EDVLFPHWKRG DUH GLUHFWO\
FRPSDWLEOHZLWKDQ\W\SHRIOHYHOVHWLPSOHPHQWDWLRQ7KHILUVWSURSRVHGPHWKRGLVEDVHGRQDPRGLILFDWLRQZKLFK
HVVHQWLDOO\ DGGV DPRPHQWXP WR WKHPRWLRQ LQ VROXWLRQ VSDFH > @ 7KLV VLPXODWHV WKH SK\VLFDO SURSHUWLHV RI
PRPHQWXPDQGRIWHQDOORZVWKHVHDUFKWRGLVUHJDUGORFDORSWLPDDQGWDNHODUJHUVWHSVLQSRVLWLYHGLUHFWLRQV,QRUGHU
WR DYRLG WKH W\SLFDO SUREOHPV RI JUDGLHQW GHVFHQW VHDUFK 5SURS SURYLGHV D PRGLILFDWLRQ ZKLFK XVHV LQGLYLGXDO
DGDSWLYHVWHSVL]HVDQGWKHVLJQVRIWKHJUDGLHQWFRPSRQHQWV

0RPHQWXPWHUP
6SLQQLQJWRJUDGLHQWGHVFHQWZLWK0RPHQWXPZLOODGRSWWKHPDFKLQHOHDUQLQJFRPPXQLW\DQGFKRRVHDVHDUFK
YHFWRUDFFRUGLQJWR  ZDIZD OOO 
:KHUHȘLVWKHOHDUQLQJUDWHDQGȦ >@LVWKHPRPHQWXP1RWHWKDWZ JLYHVVWDQGDUGJUDGLHQWGHVFHQWaO 
íȘ IOZKLOHZ JLYHV³LQILQLWHPRPHQWXP´aO aO

5SURSWHUP
7KH GLVDGYDQWDJHV RI VWDQGDUG JUDGLHQW GHVFHQW 6*' LV RYHUFRPH E\ LQFRUSRUDWLQJ DGDSWLYH VWHSVL]HV ׏O
FDOOHGXSGDWHYDOXHVLQZKLFKHDFKGLPHQVLRQZLOOKDYHRQHXSGDWHYDOXHLHGLP O GLPxO7KHJUDGLHQWVL]H
LVQHYHUXVHGLQ5SURS7KHXSGDWHUXOHFRQVLGHUVRQO\WKHVLJQVRIWKHSDUWLDOGHULYDWLYHV$QRWKHUDGYDQWDJHRI5SURS
ZKLFKLVYHU\LPSRUWDQWLQSUDFWLFDOXVHLVWKHVWRXWQHVVRILWVSDUDPHWHUV5SURSZLOOZRUNRXWRIWKHER[LQPDQ\
DSSOLFDWLRQVXVLQJRQO\WKHVWDQGDUGYDOXHVRILWVSDUDPHWHUV>@
:HZLOOQRZGHVFULEHWKH5SURSDOJRULWKPEULHIO\EXWIRU LPSOHPHQWDWLRQGHWDLOVRI5SURSZHUHIHUWR>@
)RU5SURSZHFKRRVHDVHDUFKYHFWRUsODFFRUGLQJWR IVLJQV OOO 
:KHUH OLVDYHFWRUFRQWDLQLQJWKHFXUUHQWXSGDWHYDOXHVDQGVLJQÂWKHHOHPHQWZLVHVLJQIXQFWLRQ

(QHUJ\2SWLPL]DWLRQIRU6HJPHQWDWLRQ
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7KHVHJPHQWDWLRQSUREOHPVFDQEHDSSURDFKHGE\XVLQJ WKHFDOFXOXVRIYDULDWLRQVZKHUHHQHUJ\ IXQFWLRQV LV
GHILQHG UHSUHVHQWLQJ WKH REMHFWLYH RI WKH GLIILFXOW\ 7KH H[WUHPH WR WKH IXQFWLRQDO DUH IRXQG XVLQJ WKH (XOHU
/DJUDQJHHTXDWLRQ>@ZKLFKLVXVHGWRGHULYHHTXDWLRQVRIPRWLRQDQGWKHFRUUHVSRQGLQJHQHUJ\JUDGLHQWVIRU
WKHFRQWRXU>@8VLQJWKHVHJUDGLHQWVDJUDGLHQWGHVFHQWVHDUFKLQFRQWRXUVSDFHLVSHUIRUPHGWRILQGDVROXWLRQWR
WKHVHJPHQWDWLRQSUREOHPV&RQVLGHUIRULQVWDQFHWKHGHULYDWLRQRIWKHZHLJKWHGUHJLRQGHVFULEHGE\WKHIROORZLQJ
IXQFWLRQDO 
S
G[G\\[JSI 
:KHUHSLVD'FXUYHHPEHGGHGLQD'VSDFHSLVWKHUHJLRQLQVLGHRISDQGJ[\LVDVFDODUIXQFWLRQ7KLV
IXQFWLRQDOLVXVHGWRPD[LPL]HVRPHTXDQWLW\JLYHQE\J[\LQVLGHS,IJ[\ IRULQVWDQFHWKHDUHDZLOOEH
PD[LPL]HG&DOFXODWLQJWKHILUVWYDULDWLRQRI(T\LHOGVWKHHYROXWLRQHTXDWLRQ  
\[J
W
S 
:KHUH LVWKHFXUYHQRUPDO8VLQJJ[\ ZKLFKLVFRQVWDQWIORZLQWKHQHJDWLYHQRUPDOGLUHFWLRQ7KHFRQWRXU
LVRIWHQLPSOLFLWO\UHSUHVHQWHGE\WKH]HUROHYHORIDWLPHGHSHQGHQWVLJQHGGLVWDQFHIXQFWLRQNQRZQDVWKHOHYHOVHW
IXQFWLRQ7KHOHYHOVHWPHWKRGZDVLQWURGXFHGE\2VKHUDQG6HWKLDQ>@)RUPDOO\DFRQWRXUSLVGHVFULEHGE\S 
^x:ĳx W `7KH FRQWRXUS LV HYROYHG LQ WLPHXVLQJ D VHW RISDUWLDOGLIIHUHQWLDO HTXDWLRQV 3'(V$PRWLRQ
HTXDWLRQIRUDSDUDPHWHUL]HGFXUYH
W
S LVLQJHQHUDOWUDQVODWHGLQWRWKHOHYHOVHWHTXDWLRQ
W
(T
JLYHVWKHIDPLOLDUOHYHOVHWHTXDWLRQ \[J
W



)LJ/HYHOVHWVHJPHQWDWLRQRINLGQH\DQGVWRQHGHWHFWLRQRQ)3*$

,Q WKH)LJ VKRZV)3*$LPSOHPHQWDWLRQRINLGQH\VWRQHGHWHFWLRQRQ9HUWH[3URRIGHYLFH;&93ZLWK
LQSXWVDQGRXWSXWSLQVGHYLFH7KHSURSRVHGZRUNLVGHVLJQXVLQJYHULORJDQGFRQILJXUHGRQWRWKH)3*$ERDUG
WKHRXWSXWRI)3*$LVFRQQHFWHGWRPRQLWRUWKURXJK9*$WKHUHVXOWVRIILUVWLPDJHLVNLGQH\SRUWLRQDQGVHFRQG
LPDJHNLGQH\ZLWKVWRQHLQGLFDWHGZLWKUHGFRORU

5. Lifting Scheme Wavelets Processing
7KH VHJPHQWHG LPDJH RQO\ VWRQH ZKLFK KDV JRW IURP SUHYLRXV EORFN LV DSSOLHG WR OLIWLQJ VFKHPHZDYHOHW
SURFHVVLQJEORFN,WFRQVLVWVRI  'DXEHFKLHVILOWHU'E6\POHWVILOWHUV\PDQG%LRUWKRJRQDOILOWHUELR
ELR	ELR'DXEHFKLHV ILOWHU 'E LQ WKLV LV WKHQXPEHU UHIHUV WR WKHQXPEHURIYDQLVKLQJPRPHQWV
%DVLFDOO\WKHKLJKHUWKHQXPEHURIYDQLVKLQJPRPHQWVWKHVPRRWKHUWKHZDYHOHWDQGORQJHUWKHZDYHOHWILOWHUDQG
WKHOHQJWKRIWKHZDYHOHWDQGVFDOLQJILOWHULVWZRWLPHVWKDWQXPEHU>@6\POHWVILOWHUV\PH[WUDFWIHDWXUHVRI
NLGQH\LPDJHDQGDQDO\VHGLVFRQWLQXLWLHVDQGDEUXSWFKDQJHVFRQWDLQHGLQVLJQDOVRQHRI WKHWKRUGHU6\POHWV
ZDYHOHWV LVXVHG%LRUWKRJRQDO ILOWHU ELRELR	ELR ILOWHU¶VZDYHOHW HQHUJ\ VLJQDWXUHVZHUH FRQVLGHUHG
DQG DYHUDJHV RI KRUL]RQWDO DQG YHUWLFDO FRHIILFLHQWV GHWDLOV ZHUH FDOFXODWHG )LJ VKRZV HDFK ILOWHU ZLOO JLYH
GLIIHUHQW HQHUJ\ OHYHOV RU HQHUJ\ IHDWXUHV7KHVH HQHUJ\ IHDWXUHVZLOO VKRZ VLJQLILFDQW GLIIHUHQFH LI WKHUH LV DQ\
VWRQHSUHVHQWLQWKHSDUWLFXODUUHJLRQRUORFDWLRQ7KHLGHQWLILFDWLRQRIW\SHRIVWRQHLVGHVFULEHGLQQH[WVHFWLRQ
617 K. Viswanath et al. /  Procedia Computer Science  48 ( 2015 )  612 – 622 









)LJ:DYHOHWVILOWHUVWRH[WUDFWHQHUJ\IHDWXUHV
,Q'OLIWLQJVFKHPHZDYHOHWVWUDQVIRUPDWLRQFRQVLVWVRIXSGDWHDQGSUHGLFWRUWRJHW'EV\PELRELR
DQGELRDVVKRZQLQ)LJ

 'K

.LGQH\6WRQHLPDJH

           &Y

)LJ'/LIWLQJ6FKHPH':7

7KHHTXDWLRQVRISUHGLFWDQGXSGDWHLVJLYHQE\
     


:KHUH[LDQG[LDUHHYHQSL[HOV[LLVRGGSL[HOVRIVWRQHLPDJHDQG     DUHWKHFRQVWDQWV

6. ANN Classification

,Q$11&ODVVLILFDWLRQ WZRDUFKLWHFWXUHVDUHXVHGQDPHO\0XOWLOD\HU3HUFHSWURQDQGEDFNSURSDJDWLRQZKLFK
DUHGHVFULEHGLQGHWDLOLQWKHIROORZLQJVHFWLRQV

0XOWLOD\HU3HUFHSWURQ0/3
$PXOWLOD\HUSHUFHSWURQ LVDIHHGIRUZDUGDUWLILFLDOQHXUDOQHWZRUNDOJRULWKPWKDWPDSVVHWVRIHQHUJ\YDOXHV
REWDLQHGIURPZDYHOHWVVXEEDQGVHQHUJ\H[WUDFWLRQVKRZQLQWKHWDEOH7KHVHHQHUJ\YDOXHVDUHIHGWRLQSXWOD\HU
DQG PXOWLSOLHG ZLWK LQLWLDO ZHLJKWV DV LQ HTXDWLRQ  7KH EDFN SURSDJDWLRQ LV PRGLILHG YHUVLRQ RI OLQHDU
SHUFHSWURQLQZKLFKLWXVHVWKUHHRUPRUHKLGGHQOD\HUVZLWKQRQOLQHDUDFWLYDWLRQIXQFWLRQ7KHEDFNSURSDJDWLRQLV
WKHPRVWZLGHO\ DSSOLHG OHDUQLQJ DOJRULWKP IRUPXOWLOD\HU SHUFHSWURQ LQ QHXUDO QHWZRUNV DQG LW HPSOR\VJUDGLHQW
GHVFHQWWRPLQLPL]HWKHVTXDUHGHUURUEHWZHHQWKHQHWZRUNRXWSXWYDOXHDQGGHVLUHGRXWSXWYDOXHDVLQHTXDWLRQ
7KHVH HUURU VLJQDOV DUH XVHG WR FDOFXODWH WKH ZHLJKW XSGDWHV ZKLFK UHSUHVHQW SRZHU RI NQRZOHGJH OHDUQW LQ WKH
QHWZRUN >@ 0XOWLOD\HU 3HUFHSWURQ ZLWK %DFN 3URSDJDWLRQ 0/3%3 DUH WKH PDLQ DOJRULWKPV %DVHG RQ WKH
OLWHUDWXUH VXUYH\ 0/3%3 DOJRULWKP ZDV IRXQG WR EH EHWWHU WKDQ WKH RWKHUV LQ WHUPV RI DFFXUDF\ VSHHG DQG
SHUIRUPDQFH>@


7KHSKDVHVLQYROYHGLQ$11DUHIRUZDUGSKDVHDQGEDFNZDUGSKDVH,QEDFNSURSDJDWLRQZHLJKWVDUHXSGDWHG
DIWHUHDFKSDWWHUQDQGE\WDNLQJRQHSDWWHUQPDWDWLPHDVIROORZV

6WRQHSRUWLRQ,PDJH
'DXEHFKLHV'E
(QHUJ\9DOXHVIURP'LIIHUHQW)LOWHUV
6\POHWVV\P%LRUWKRJRQDOELR
6SOLW
3UHGLFW
8SGDWH
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

)LJ:DYHOHWVVXEEDQGVHQHUJ\H[WUDFWLRQ )LJ)3*$+DUGZDUHLPSOHPHQWDWLRQXVLQJ&KLSVFRSH,/$
DQG,&21RIVHJPHQWDWLRQIRUNLGQH\DQGVWRQHSL[HOYDOXHV
)RUZDUG3KDVH
$SSO\WKHSDWWHUQ M
O
;

WR WKH LQSXW OD\HUDQGSURSDJDWH WKHVLJQDOIRUZDUG WKURXJKWKHQHWZRUNXQWLO WKHILQDO
RXWSXWV M
/; KDYHEHHQFDOFXODWHGIRUHDFKLDQG/ [V; M
O
ZM
O
ZM
O
/'
L
M
O
M
O

:KHUH'/LVWKHQXPEHURIQHXURQVLQOD\HU/
L
O;  RXWSXWRIWKHM
WKQHXURQLQWKHOWKOD\HU:LML
V\QDSWLF ZHLJKW FRQWDLQHG LQ WKH FXUUHQW QHXURQ:LML FXUUHQW QHXURQ¶V ELDV ZHLJKW M
O
;
 RXWSXW RI WKH FXUUHQW
QHXURQ

%DFNZDUG3KDVH

,QWKLVSKDVHWKHZHLJKWVDQGELDVHVDUHXSGDWHGDFFRUGLQJWRWKHHUURUJUDGLHQWGHVFHQWYHFWRU$IWHUDQLQSXW
YHFWRU LV DSSOLHGGXULQJ WKH IRUZDUGFRPSXWDWLRQSKDVHDQHWZRUNRXWSXWYHFWRU LVREWDLQHG$ WDUJHWYHFWRU W LV
SURYLGHGWRWKHQHWZRUNWRGULYHWKHQHWZRUN¶VRXWSXWWRZDUGWKHH[SHFWHGWDUJHWHGYDOXH>@6WDUWLQJZLWKWKH
RXWSXWOD\HUDQGPRYLQJEDFNWRZDUGVWKHLQSXWOD\HUFDOFXODWHVWKHHUURUWHUPVDQGJUDGLHQWDVIROORZV


/OIRUVZ
/OIRUX
H O
MLM
O
M
O
[
O
M

ZKHUH
O
MH LVWKHHUURUWHUPIRUMWKQHXURQLQWKHOWKOD\HU

OIRUVHV OM
O
M
O
M 
ZKHUH  OMV LVWKHGHULYDWLYHLIWKHDFWLYDWLRQIXQFWLRQ
&DOFXODWHWKHFKDQJHVIRUDOOWKHZHLJKWVDVIROORZV
/O[VZ OM
O
M
O
LM 
ZKHUH LVWKHOHDUQLQJUDWH8SGDWHDOOWKHZHLJKWVDVIROORZV
/Z/Z/Z OLM
O
LM
O
LM 
:KHUHO /ODQGM /O:LMO/LVWKHFXUUHQWV\QDSWLFZHLJKW
:LM O / LV WKH XSGDWHG V\QDSWLF ZHLJKWV WR EH XVHG LQ WKH QH[W IHHG IRUZDUG LWHUDWLRQ 7KH )LJ VKRZ WKH
FRPSOHWHF\FOHRISHULRGLQQHXUDOQHWZRUNVWUDLQLQJWKHWHUPSHULRGLVXVHGWRGHVFULEHDFRPSOHWHSDVVWKURXJKDOO
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RIWKHWUDLQLQJSDWWHUQV7KHZHLJKW LQWKHQHXUDOQHWPD\EHXSGDWHGDIWHUHDFKSDWWHUQ LVSUHVHQWHG WRWKHQHWRU
WKH\PD\EHXSGDWHGMXVWRQFHDWWKHHQGRIWKHSHULRG

7. Implementation and Results    
7KH LPSOHPHQWDWLRQ LV GRQH XVLQJ9HULORJ RQ9HUWH[3UR )3*$ DQG VLPXODWLRQ UHVXOWV RQ0DWODE $ 7KH
*UDSKLFDO8VHU,QWHUIDFH*8,LVFUHDWHGIURPPDWODE$YHUVLRQDQGDVVKRZQLQWKH)LJ)URPWKHGDWDEDVH
RI WKH86 NLGQH\ LPDJHV RQH NLGQH\ LPDJH LV ORDGHG WKURXJK WKH*8, 7KH ORDGHG LPDJH SUHSURFHVVHG DQG LV
VKRZQLQWKH*8,7KHLPDJHVHJPHQWDWLRQRSWLRQJLYHQLQWKH*8,LVVHOHFWHGQH[W WRJHWVHJPHQWHGLPDJH7KH
VHJPHQWHGLPDJHLVDSSOLHGIRU:DYHOHWSURFHVVLQJE\VHOHFWLQJRQHRIWKHOLIWLQJZDYHOHWILOWHUVVKRZQLQWKH*8,
$IWHU VHOHFWLQJ WKHSDUWLFXODU ILOWHU WKDWSDUWLFXODUZDYHOHW FRGHZLOO EH LQYRNHG WRJHW UHVXOWDQW LPDJH7KHQ WKH
IHDWXUH H[WUDFWLRQRSWLRQ LV VHOHFWHG WR JHW OLVW RI HQHUJ\ OHYHOV H[WUDFWHG IURP WKH VHJPHQWHG LPDJH ,Q WKH*8,
VKRZQLQWKH)LJWKHUHLVDQRWKHUWDEOHZKLFKOLVWVHQHUJ\OHYHOVRIDOOWKHNLGQH\LPDJHVSUHVHQWLQWKHGDWDEDVH
7KLVLVGRQHWRWHVWWKHDFFXUDF\RI0/3%3$11V\VWHPLQLGHQWLI\LQJWKHNLGQH\LPDJHVDVQRUPDORUDEQRUPDO
DQGWKHVWRQHW\SH(VVHQWLDOO\LQWKHGDWDEDVHZHKDYHERWKQRUPDODQGDEQRUPDOLPDJHVZKLFKZHDOUHDG\NQRZ
KRZPDQ\RI WKHPDUHQRUPDODQGDEQRUPDO 'XULQJ WKH WHVW LW LV IRXQG WKDWRXU V\VWHPFDQFODVVLI\ WKHNLGQH\
LPDJHV DV QRUPDO DQG DEQRUPDO DOPRVW ZLWK DFFXUDF\ RI  >@ ,Q )LJ LV WKH &KLSVFRSH KDUGZDUH
LPSOHPHQWDWLRQWKHILUVWURZVVKRZVSL[HOYDOXHVRINLGQH\VWRQHVHFRQGURZVLVNLGQH\SL[HOYDOXHVDQGWKLUGURZ
LVRULJLQDONLGQH\LPDJH

7DEOHVKRZVWKHOLVWVRIHQHUJ\OHYHOVH[WUDFWHGIURPVHJPHQWHGLPDJH7KLV WDEOHLV WKHHQODUJHGYHUVLRQRI WKH
WDEOHVKRZQLQWKH*8,7KHURZVRIWKHWDEOHDUHLQGLYLGXDOHQHUJ\OHYHORIHDFKNLGQH\LPDJHVRIGDWDEDVH7KH
&ROXPQVRIWKHWDEOHVKRZVHQHUJ\OHYHOH[WUDFWHGIURPWKHLPDJHVRIGDWDEDVHZLWKUHVSHFWWRHDFKZDYHOHWILOWHU
)LUVW WZR FROXPQV DUH FRUUHVSRQGLQJ WR 'DXEHFKLHV ILOWHU WKH WKLUG DQG IRXUWK FROXPQV DUH FRUUHVSRQGLQJ WR
V\POHWV7KHILIWKVL[WKDQGVHYHQWKFROXPQVDUHFRUUHVSRQGLQJWR%LRUWKRJRQDOILOWHU%LR7KHHLJKWKQLQWK
DQG WHQWKFROXPQVDUHFRUUHVSRQGLQJ WR%LRUWKRJRQDO ILOWHU %LR7KHHOHYHQWK WZHOIWKDQG WKLUW\FROXPQVDUH
FRUUHVSRQGLQJWR%LRUWKRJRQDOILOWHU%LR


)LJ'HVLJQVXPPDU\RISURSRVHGKDUGZDUHLPSOHPHQWDWLRQ

7KHSURSRVHGZRUNLVLPSOHPHQWHGRQ9HUWH[3UR)3*$DQGVSHHGLQFUHDVHGE\ZLWKJDWHGHOD\RIQV
DQGQXPEHURIVOLFHV/87¶VDUHGHFHDVHGE\DVFRPSDUHG WRH[LVWLQJPHWKRGV WKHGHVLJQVXPPDU\ WDEOH LV
VKRZQLQ)LJ






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7DEOH(QODUJHGWDEOHRIWKHWDEOHLQWKH*8,RIOLIWLQJVFKHPHZDYHOHWV

7DEOH(QHUJ\DQGDYHUDJHH[WUDFWHGIHDWXUHVRIDOOGDWDEDVHNLGQH\LPDJHV

8. Conclusion and Future Work
7KHSURSRVHGZRUN LV LPSOHPHQWHGRQ9HUWH[3UR)3*$XVLQJ OHYHOVHW VHJPHQWDWLRQZLWKPRPHQWXPDQG
UHVLOLHQWSURSDJDWLRQDQGJLYHVDYHU\HIIHFWLYHLQLGHQWLI\LQJWKHUHJLRQRIVWRQHVLQWKH86NLGQH\LPDJHZLWKYHU\
OHVVXWLOL]DWLRQRIUHVRXUFHV7KHHQHUJ\OHYHOVH[WUDFWHGIURPWKHOLIWLQJVFKHPHZDYHOHWVXEEDQGVLH'DXEHFKLHV
'E 6\POHWV V\P DQG %LRUWKRJRQDO ILOWHUHUV ELR ELR 	 ELR JLYHV WKH FOHDU LQGLFDWLRQ RI
'E
'K
DYHUDJH
'E
F9
HQHUJ\
6\P
'K
DYHUDJH
6\P
F9
HQHUJ\
UELR
'K
DYHUDJH
UELR
F'
HQHUJ\
UELR
F9
HQHUJ\
UELR
'K
DYHUDJH
UELR
F'
HQHUJ\
UELR
F9
HQHUJ\
UELR
F9
DYHUDJH
UELR
'K
DYHUDJH
UELR
F+
HQHUJ\
0.0026 5.5953e-05 0.0026 5.5953e-05 0.0052 1.3895e-04 1.6450e-04 0.0043 1.0764e-04 1.0719e-04 0.0039 1.7720e-04 9.9153e-05
0.0059 7.0192e-05 0.0059 7.0192e-05 0.0127 2.2286e-04 1.8849e-04 0.0128 1.7324e-04 1.5039e-04 0.0129 3.9994e-04 1.6002e-04
0.0163 9.1629e-04 0.0163 9.1629e-04 0.0316 0.0010 0.0021 0.0306 7.6544e-04 0.0023 0.0303 0.0051 6.9376e-04
0.0179 3.9806e-04 0.0179 3.9806e-04 0.0255 5.4659e-04 4.8874e-04 0.0263 3.9515e-04 5.3478e-04 0.0267 0.0051 3.5862e-04
0.0093 2.7436e-04 0.0093 2.7436e-04 0.0249 6.8200e-04 9.5594e-04 0.0214 5.2108e-04 8.9330e-04 0.0198 0.0031 4.9557e-04
0.0111 9.0990e-04 0.0111 9.0990e-04 0.0239 5.5269e-04 0.0033 0.0197 4.1572e-04 0.0023 0.0179 0.0031 3.8182e-04
0.0050 1.3049e-04 0.0050 1.3049e-04 0.0094 5.6388e-04 3.4976e-04 0.0087 3.9534e-04 2.5024e-04 0.0085 7.2749e-04 3.4186e-04
0.0073 7.8642e-05 0.0073 7.8642e-05 0.0136 2.6317e-04 2.4022e-04 0.0132 1.8109e-04 1.5338e-04 0.0133 8.1203e-04 1.5963e-04
0.0105 2.3515e-04 0.0105 2.3515e-04 0.0137 7.1012e-04 4.0684e-04 0.0131 5.2176e-04 3.7809e-04 0.0133 0.0013 4.5959e-04
0.0145 1.3983e-04 0.0145 1.3983e-04 0.0154 6.6207e-04 3.3536e-04 0.0144 4.8498e-04 2.4507e-04 0.0184 0.0018 4.3049e-04
0.0173 2.1550e-04 0.0173 2.1550e-04 0.0278 6.2009e-04 4.9155e-04 0.0262 4.7615e-04 4.1534e-04 0.0260 0.0042 4.4141e-04
0.0128 3.7797e-04 0.0128 3.7797e-04 0.0256 5.8045e-04 5.3523e-04 0.0234 4.5160e-04 5.7497e-04 0.0238 0.0038 4.1888e-04
0.0074 0.0018 0.0074 0.0018 0.0132 8.6715e-04 0.0043 0.0133 6.7642e-04 0.0040 0.0140 8.5301e-04 6.2365e-04
0.0043 2.0368e-04 0.0043 2.0368e-04 0.0072 6.4413e-04 4.8808e-04 0.0066 5.2519e-04 3.7235e-04 0.0065 4.2114e-04 4.8302e-04
0.0204 3.3482e-04 0.0204 3.3482e-04 0.0379 7.3661e-04 9.6556e-04 0.0353 5.1190e-04 8.2002e-04 0.0344 0.0043 4.3896e-04
0.0077 0.0012 0.0077 0.0012 0.0169 5.8343e-04 0.0030 0.0158 4.5069e-04 0.0028 0.0153 6.8829e-04 4.1780e-04
0.0080 1.7951e-04 0.0080 1.7951e-04 0.0161 5.8455e-04 3.1453e-04 0.0155 4.8010e-04 2.9501e-04 0.0154 0.0017 4.4850e-04
0.0079 2.9445e-04 0.0079 2.9445e-04 0.0151 4.5209e-04 0.0010 0.0134 3.6543e-04 9.2231e-04 0.0126 0.0011 3.3598e-04
0.0171 5.9446e-04 0.0171 5.9446e-04 0.0325 0.0010 8.2026e-04 0.0214 8.0706e-04 8.5152e-04 0.0180 0.0016 7.2994e-04
0.0111 1.3944e-04 0.0111 1.3944e-04 0.0224 4.9967e-04 3.9034e-04 0.0211 3.9642e-04 3.4776e-04 0.0202 0.0021 3.7177e-04
0.0074 2.6753e-04 0.0074 2.6753e-04 0.0153 3.5545e-04 8.2306e-04 0.0141 2.8304e-04 7.1102e-04 0.0136 0.0011 2.7166e-04
0.0036 2.0845e-04 0.0036 2.0845e-04 0.0065 5.9565e-04 5.5595e-04 0.0061 4.5940e-04 4.5326e-04 0.0061 4.0954e-04 4.1321e-04
0.0048 1.6351e-04 0.0048 1.6351e-04 0.0083 6.4050e-04 4.1405e-04 0.0086 5.0618e-04 3.0850e-04 0.0085 5.2424e-04 4.5489e-04
0.0056 8.0388e-05 0.0056 8.0388e-05 0.0106 1.5185e-04 2.4317e-04 0.0115 9.1844e-05 1.8853e-04 0.0139 6.2159e-04 7.8351e-05
0.0128 2.9260e-04 0.0128 2.9260e-04 0.0255 2.4498e-05 0.0019 0.0272 1.0831e-05 0.0024 0.0258 7.3530e-04 7.3841e-06
0.0087 6.3554e-04 0.0087 6.3554e-04 0.0157 0.0013 0.0021 0.0143 5.8765e-04 0.0014 0.0146 0.0018 3.7878e-04
0.0099 8.3973e-04 0.0099 8.3973e-04 0.0123 3.7739e-04 7.3807e-04 0.0163 1.9745e-04 9.0590e-04 0.0189 7.7251e-04 1.4336e-04
0.0094 0.0011 0.0094 0.0011 0.0219 0.0015 0.0028 0.0239 0.0010 0.0024 0.0247 0.0015 8.7336e-04
0.0059 2.5405e-04 0.0059 2.5405e-04 0.0112 4.3833e-04 7.4134e-04 0.0105 2.6179e-04 6.1060e-04 0.0105 6.9152e-04 2.1206e-04
0.0063 7.7728e-04 0.0063 7.7728e-04 0.0124 6.3668e-04 0.0024 0.0112 4.0345e-04 0.0020 0.0109 0.0011 3.3200e-04
0.0074 8.2789e-04 0.0074 8.2789e-04 0.0152 8.4256e-04 0.0020 0.0128 6.0219e-04 0.0019 0.0118 0.0011 5.2250e-04
0.0167 4.1325e-04 0.0167 4.1325e-04 0.0156 5.3976e-04 4.7820e-04 0.0140 2.9495e-04 4.2729e-04 0.0136 0.0018 2.1938e-04
0.0069 5.5092e-04 0.0069 5.5092e-04 0.0122 0.0010 0.0018 0.0113 6.9704e-04 0.0016 0.0119 0.0012 5.8484e-04
0.0148 9.2528e-04 0.0148 9.2528e-04 0.0298 8.8080e-04 0.0017 0.0214 5.8155e-04 0.0015 0.0163 0.0011 4.8485e-04
0.0045 2.3998e-04 0.0045 2.3998e-04 0.0080 3.3799e-04 6.2947e-04 0.0069 2.5098e-04 5.5864e-04 0.0065 4.1366e-04 2.1907e-04
0.0169 0.0011 0.0169 0.0011 0.0336 5.8337e-04 0.0016 0.0241 3.8469e-04 0.0016 0.0182 8.5080e-04 3.4381e-04
0.0056 8.0388e-05 0.0056 8.0388e-05 0.0106 1.5185e-04 2.4317e-04 0.0115 9.1844e-05 1.8853e-04 0.0139 6.2159e-04 7.8351e-05
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GLIIHUHQFH LQ WKHHQHUJ\ OHYHOVFRPSDUHG WR WKDWRIQRUPDONLGQH\ LPDJH LI WKHUH LVVWRQH7KH$11WUDLQHGZLWK
QRUPDO NLGQH\ LPDJH DQG FODVVLILHG LPDJH LQSXW LQWRQRUPDO RU DEQRUPDO E\ FRQVLGHULQJ H[WUDFWHG HQHUJ\ OHYHOV
IURP ZDYHOHWV ILOWHUV 7KH V\VWHP LV WHVWHG ZLWK GLIIHUHQW NLGQH\ LPDJHV IURP GDWDEDVH DQG KDV FODVVLILHG
VXFFHVVIXOO\ ZLWK WKH DFFXUDF\ RI  6R WKLV V\VWHP FDQ EH UHDGLO\ XVHG LQ WKH KRVSLWDOV IRU GHWHFWLQJ
DEQRUPDOLW\ RI LQGLYLGXDOV 86 NLGQH\ LPDJH 7KXV LQ WKLV ZRUN LW LV SURYHG WKDW WKH FRPELQDWLRQ OHYHO VHW
VHJPHQWDWLRQOLIWLQJVFKHPHZDYHOHWILOWHUVPXOWLOD\HU3HUFHSWURQZLWKEDFNSURSDJDWLRQWKHEHWWHUDSSURDFKIRUWKH
GHWHFWLRQRI VWRQHV LQ WKHNLGQH\ ,Q WKH IXWXUHZRUN WKH V\VWHPZLOO EH GHVLJQHG DQG LPSOHPHQW LQ UHDO WLPHE\
SODFLQJELRPHGLFDOVHQVRUVQHDUDEGRPHQWRFDSWXUHNLGQH\SRUWLRQDQGFDSWXUHGNLGQH\LPDJHLVVXEMHFWHGWRWKH
SURSRVHGDOJRULWKPWRSURFHVVDQGGHWHFWVWRQHRQ)3*$XVLQJKDUGZDUHGHVFULSWLRQODQJXDJH+'/DQGGLVSOD\
NLGQH\VWRQHLPDJHZLWKFRORXUIRUHDVLO\LGHQWLILFDWLRQDQGYLVLELOLW\RIVWRQHRQPRQLWRU
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